Introduction
Chickpea (Cicer arietinum L.) is the second most important pulse crop in the world after dry beans,grown in an area of ~14 mha with production of 13.7 mt (FAOSTAT 2014) . The major chickpea producing countries contributing to about 95% of the global production include India, Turkey, Australia, Pakistan, Myanmar, Ethiopia, Canada, Iran and USA.Chickpea crop is highly affected by weeds during entire growth period. Most of the weed species grow faster and taller thanchickpea inhibiting growth, curtail sunlight, and ultimately affect photosynthesis and plant productivity. The critical weed control period in chickpea has been reported to be 30-60 days after emergence (Solh and Pala 1990) or 5-7 weeks after crop emergence in Mediterranean region (Al-Thahabi et al. 1994) or 4-5 leaf stage to flowering (Mohammadi et al. 2005) . Yield loss incurred due to weed competition in chickpea is estimated to be between 40 to 87% depending on the type of weeds and their density (Bhan and Kukula 1987) . Plew et al. (1994) reported less dry matter accumulation in chickpea due to weed competition at early stage of crop growth.
Shortage of agricultural labourers coupled with continuously increasing labour cost has made manual weeding an expensive field operation in any crop in a developing world. Herbicide-tolerant cultivars offer an opportunity of controlling weeds through need-based applications of herbicides thus bringing down the cost of cultivation. In chickpea, pre-emergence herbicides are commonly used to control weeds emerging soon after germination (Solh and Pala 1990) . Weeds' germinating after crop emergence still remains a major bottleneck in chickpea production. Post-emergence chemical weed control options are few in chickpea and the available herbicides have adverse effect on crop.
Imazethapyr, a post-emergence broad spectrum herbicide belonging to Imidazolinone group, is commonly used in pulse crops. Imazethapyr acts through inhibition of Aceto-Hydroxy Acid Synthase (AHAS) or Acetolactate synthase (ALS) enzyme which catalyzes the first step in synthesis of branched chain amino acids (valine, isoleucine and leucine) (Shaner et al. 1984; Duggleby and Pang 2000) . Application of most of the ALS inhibiting herbicide results into reduced level of BCAA (valine, leucine and isoleucine) in the total free amino acid pool (Shaner et al. 1984) . Biosynthesis of BCAA occurs generally in meristematic tissues; therefore young tissues are the first to show symptoms. Zhou et al. (2007) reported that resistance to AHAS inhibiting herbicide results from altered sequences of AHAS encoding genes leading to production of altered AHAS having tolerance to herbicide. Gaur et al. (2013) reported that imazethapyr mainly killed the meristematic tips of branches resulting in elongation of branches, needle shaped leaves, delayed flowering, deformation of flowers and bud, poor pod setting and reduction in pod and seed size.
Herbicide tolerant varieties have been released in narrow-leaf lupin (Coromup (Si et al. 2008) ) and soybean (Tracy-M (Hartwig 1987) ). Mergoum et al. (2009) at North Dakota State University (NDSU), USA developed a hard red spring wheat variety 'ND901CL' which was released in 2008.Variations for tolerance to herbicide is present in natural germplasm in different crops such as in sunflower for imazethapyr (Al-Khatib et al. 1998) , in chickpea for imidazolinone group of herbicide (Ping 2009; Taran et al. 2010; Gaur et al. 2013; Chaturvedi et al. 2014 ) and for metribuzin (Gaur et al. 2013) . Thomson and Taran (2014) carried out genetic analysis of a chickpea line tolerant to imidazolinone herbicide and concluded that there are two homologous AHAS genes namely AHAS1 and AHAS2 with almost 80% amino acid sequence similarity. They found a point mutation in the AHAS1 gene at C675 to T675 leading to an amino acid substitution of Ala205 to Val205 conferring resistance to imidazolinone herbicides in chickpea. Similarly genes conferring resistance to imidazolinone group of herbicides have also been reported in other crops such as sunflower (Al-Khatib and Miller 2000; Kolkman et al. 2004) , soybean (Walter et al. 2014 ) and barley (Lee et al. 2011 ). The present investigation was undertaken to identify the chickpea lines tolerant to herbicide imazethapyr and characterize the tolerant and susceptible lines for yield attributes and biochemical parameters.
Materials and methods

Experimental material
The screening of genotypes was done at research farm of Indian Agricultural Research Institute (IARI), New Delhi during post-rainy season 2014-15 with sixty five diverse desi (55) and kabuli (10) chickpea genotypes. The seeds were obtained from International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and IARI. The material was planted in randomized complete block design (RCBD) with three replications in 2m row with row to row spacing of 60 cm. Spraying of Imazethapyr (Pursuit, BASF) @ 75g a.i./ha was done 40-45 days after sowing. Herbicide tolerance score was recorded visually on 1-5 scale,where 1 = highly tolerant (excellent plant appearance, no burning/ chlorosis of leaves), 2 = tolerant (good plant appearance with minor burning/chlorosis of leaves), 3 = moderately tolerant (fair plant appearance with moderate burning/chlorosis of leaves), 4 = sensitive (poor plant appearance with severe burning/chlorosis of leaves), and 5 = highly sensitive (complete burning of leaves leading to plant mortality) at 10, 20 and 30 days after spray. The average of scores from different replications was used to identify most tolerant and sensitive lines.
Nine lines tolerant to moderately tolerant lines, namely, ICC 1710, ICCL 82104, ICCV 96003, ICCV 03407, ICCV 00305, ICCV 3, ICCV 10, ICCV 00109 and ICCIL 04001 and 3 highly sensitive genotypes viz., Pusa 5028, ICCV 97017 and ICCV 00108 selected from preliminary screening were further evaluated during crop season 2015-16 in RCBD with 3 replications under control and sprayed conditions. Recommended agronomic practices and crop management measures were followed to ensure good crop stand. Observations were recorded on Normalized Difference Vegetation Index (NDVI) at 20 days after spray, days to 50% flowering, days to maturity, plant height, biomass, seed yield, 100-seed weight and BCAA (valine, leucine and isoleucine) content at 20 days after spray. Nitish Ranjan Prakash et al. [Vol. 77, No. 3 NDVI, phenological and morphological data scoring NDVI (Normalized Difference Vegetation Index) was scored with the help of instrument called GreenSeeker TM . The instrument was passed over the foliage of each row after clicking the on button and by keeping a constant height of approximately 70 cm from the crop canopy while measuring. Days to 50% flowering was calculated from date of sowing to the date when 50% of the plants have at least one open flower. For plant height, height of randomly selected three plants in each line was measured with a metre scale from ground level to tip of the plant.Days to maturity was recorded from the date of sowing to the date when 80% of the plants in a line turn brown or brownish yellow.The plot biomass was measured at the time of harvest. The weight of above ground part of the plants, yield and 100-seed weight was measured using an electronic balance.
Branched Chain Amino Acid (BCAA) estimation
The leaf samples of twelve genotypes were collected from all three replications under control as well as sprayed condition. The samples were collected 20 days after spray for BCAA estimation. Hydrolysis of powdered leaf sample was done in a capped test tube by adding 100 mg of sample + 800 µl of 6N HCl + 100 µl of 0.1 N HCl + 100 µl of Nor-leucine standard + 10 µl of Phenol and incubated for 16 hours at 110 o C in dry bath. Neutralization of hydrolyzed sample was done after cooling to room temperature (RT). Hydrolysates were then transferred to 10 ml measuring flask and 500 µl of 12.5 M NaOH was added. Volume was made upto 10 ml by adding 0.1N HCl. The mixture was filtered through 0.22 µ nylon filter and stored in a 2 ml tube. Pre-column derivatization was done with 100 µl of sample. Sample was then transferred to a 10 ml tube and 900 µl of Boric Acid (pH 6.2) + 1 ml of FMOC (100mg in 100ml acetone) were added. It was vortexed till the precipitate dissolved completely. Tube was then incubated for 5 minutes at RT. 4 ml of n-Pentane was then added to it and vortexed to mix it completely. It was again incubated for 5 minutes at RT. The upper layer was discarded and the bottom layer containing the sample was poured into UPLC vial for analysis.The chromatography column used was (Acclaim C18, 250 X 4.6, 5µ) from Thermo Fisher Scientific. Flow rate was kept at 1 ml per minute at 25 o C. Different mobile phases (A-1800 ml of Buffer + 200 ml of Organic phase and B-200 ml of Buffer + 1800 ml of Organic phase) were used during the analysis. Buffer used were prepared from 2.23 g of Tetra methyl Ammonium Chloride and 4.07 g of Sodium acetate trihydrate which was dissolved in HPLC grade water and volume made upto 2 liter, pH adjusted to 3.5 with acetic acid. Organic phase was made by mixing 1960 ml of HPLC grade Acetonitrile and 40 ml of Methanol.
Statistical analysis
One way ANOVA and two way ANOVA were performed. The standard error for difference (SE), LSD and Tukey's test were performed using PROC GLM of SAS. Tukey's test was used for pair-wise comparison of the treatment means:
Where, Y a and Y b are the two means under comparison and SE is the standard error. The q s value is compared with q value from studentized range distribution. If q s is greater than critical value obtained from distribution, the two means are considered to be significantly different.
Results and discussion
Preliminary screening of genotypes for herbicide tolerance
Wide variation for tolerance to herbicide Imazethapyr was observed in the 65 genotypes screened. On a scale of 1-5 (1=highly tolerant and 5=highly sensitive), the overall average herbicide tolerance score for 65 chickpea lines ranged from 1.9 to 5.0 (Fig. 1) . Gaur et Imazethapyr is a systemic herbicide which is absorbed by plant surface and once in the phloem it get translocated to the site of action, causing death of growing meristematic cells resulting in plant death. It is a slow acting herbicide and morphological symptoms starts to appear around 7-8 days after spray and hence, scoring after 10 days of spray is justifiable. Visual scoring for herbicide tolerance was done 10, 20 and 30 days after spray. Gaur et al. (2013) reported that new flushes start to come after 25 days of spray, therefore, one scoring should be done after 25 days to take into account plants which have recovered fast. Taran et al. (2010) scored the plant injury in greenhouse condition at 7, 14 and 21 days after spray. Herbicide tolerance score based on plant injury is fairly reliable in identifying tolerant and susceptible genotypes. In our study, we have followed a 1-5 scale (Gaur et al. 2013) . Researchers have used different scales for herbicide tolerance screening viz., 0-7 scale by Chaturvedi et al. (2014) and 0-9 scale by Taran et al. (2010) .
Effect of herbicide on phenology and yield attributes
Analysis of variance (ANOVA) revealed highly significant variation among genotypes for all the traits measured except NDVI under control condition and days to 50% flowering under sprayed condition. Similar results were obtained by Srivastava et al. (2011) and Malik et al. (2009) . Significant to highly significant genotype x environment (G X E) interaction was observed for days to 50% flowering, NDVI, days to maturity, yield, biomass, harvest index, 100-seed weight and BCAA (valine, leucine and isoleucine) content (Table 1) . Two way ANOVA revealed that almost all the traits were affected by spray of herbicide.
Days to 50% flowering under control condition was earliest in ICCV 03407 (52 days) and maximum in ICCV 97017 and ICC 1710 (77 days). Comparison of mean days to 50% flowering under control and sprayed condition revealed that flowering was delayed by almost one month under sprayed condition. Tukey's pair wise comparison of means for GxE revealed significant differences for days to 50% flowering in all the genotypes under control and sprayed conditions (Table 2 ). Delay in flowering as a result of herbicide spray has also been reported by Gaur et al. (2013) . NDVI is a measurement of total plant growth that takes into account several plant growth factors. It is an indicator of photosynthetic activity of the plant. NDVI score differed significantly under control and sprayed condition with mean value of 0.661 and 0.447 respectively. Under sprayed condition, NDVI was highest in ICCV 96003 while lowest value was recorded in the genotype ICCL 82104 (Fig. 2) . The overall mean NDVI score was significantly low under sprayed condition. This may be due to killing of the apical meristem and young leaves by Imazethapyr. Only one genotype, ICCV 96003 showed nonsignificant reduction in NDVI under sprayed condition.
Pooled analysis revealed significant differences in the mean plant [Vol. 77, No. 3 height under control and sprayed conditions. The reduction in plant height because of herbicide spray was minimum in the genotype ICCV 00109 (13%) and maximum in case of ICCL 82104 (54%). Mean days to maturity remained same under both control and sprayed conditions. This shows that though the spray of herbicide delayed flowering and onset of reproductive phase but the genotypes matured at the same time because of sudden rise in temperatures at maturity. None of the genotypes showed significant differences in mean days to maturity between the two environments. Average seed yield per plot of genotypes was 80.56g and 11.93g under control and sprayed conditions. Highly significant reduction in yield was observed in all the genotypes except ICCV 10, ICCL 82104 and ICC 1710 as revealed by pairwise comparison of means using Tukey's test. Maximum reduction in yield was observed in genotypes ICCV 97017 (98%) followed by Pusa 5028 (95%) (Fig. 3) . 
Effect of herbicide on branched chain amino acid content
The percent valine content differed significantly under sprayed and control conditions with mean 0.0544% and 0.0371% respectively (Fig. 4) . Pairwise comparison Non-significant difference in the percent isoleucine content under control and sprayed conditions was recorded for all the genotypes except ICCV 3 and ICCV 96003 (Fig. 5) . Some genotypes showed drastic (Fig. 6 ). While minimum reduction was Imazethapyr inhibits Aceto-hydroxy acid synthase (AHAS, E.C. 4.1.3.18) or Aceto-lactate Synthase (ALS) enzyme involved in the biosynthesis Nitish Ranjan Prakash et al. [Vol. 77, No. 3 of Branched chain amino acids (BCAA) valine, isoleucine and leucine. This enzyme is the target site for many herbicides including all members of sulfonylurea and imidazolinone families (Duggleby et al. 2008 ). Significant decrease in BCAA content can be used as an indicator of AHAS inhibition due to herbicide. Muhitch et al. (1987) found that after treatment with imazapyr, there was decrease in extractable ALS in maize while the levels of other enzymes remained unchanged. Royuela et al. (2000) also estimated the BCAA content in pea in order to study growth inhibition by Imazethapyr. Research work on AHAS-inhibiting herbicides and their effect on BCAA synthesis have been reviewed by Zhou et al. (2007) . Similar results have been reported by Ray (1984) in pea; Anderson et al. (1985) in maize and Shaner and Reider (1986) in maize, where they found that levels of valine, leucine and isoleucine (BCAA) decreased significantly in the herbicide treated plants. A recent study conducted on Imazethapyr toxicity in Arabidopsis thaliana suggested that Imazethapyr decreases the synthesis of BCAA through inhibition of activity of ALS enzyme without affecting the transcription or translation of ALS (Qian et al. 2015) .The genotypes tolerant to post-emergence herbicide Imazethapyr identified based on non-significant reduction in the yield attributes and BCAA (valine, leucine and isoleucine) content in the sample were ICC 82104, ICCV 10, ICCV 96003, ICC 00305 and ICC 1710 while ICCV 97107 was most susceptible (Table 3) . These tolerant genotypes can be used to study the genetics and mapping of gene(s) for herbicide tolerance in chickpea and in breeding programs for developing lines with tolerance to post-emergence herbicide Imazethapyr. Herbicide tolerant chickpea cultivars will bring down cost of cultivation making it more remunerative for the farmers. 
